The McGurk effect is a phenomenon that demonstrates a perceptual fusion between auditory and visual (lip-read) information in speech perception under the condition of audio-visual discrepancy, created by dubbed video tapes. This paper investigated whether or not the McGurk effect could be extended to Japanese subjects listening to Japanese syllables of different auditory intelligibility. The audio and video signal of a female talker's speech for ten Japanese syllables (/ba/,/pa/,/ma/,/wa/,/da/,/ta/,/na/,/ra/,/ga/,/ka/) was combined on videotapes, giving 100 audio-visual stimuli. These stimuli were presented to ten Japanese subjects who were required to identify the stimuli as heard speech in both noise-added and noise-free conditions. For both conditions, the intelligibility of the auditory stimuli was measured, by presenting the audio-alone stimuli. The results showed that, in the noise-free condition, the McGurk effect was small and almost limited to auditory stimuli of which the intelligibility was less than 100%. In the noise-added condition, the McGurk effect was very strong and widespread. These results indicate that the "Japanese McGurk effect" is less easily induced than the English one, and that it depends on the auditory intelligibility of the speech signal.
INTRODUCTION
In face-to-face verbal communication, the talker's articulatory movements can be seen. This visual information is called lip-read information. Its role in speech perception has been investigated in several experimental paradigms. Lipread information facilitates speech perception especially when the intelligibility of the speech is reduced, e.g., in a noisy environment, when noise is experimentally added to speech (Erber, 1975) , or in speech perception by patients with cochlear implants (Fukuda et al., 1988) .
On the other hand, lip-read information interferes with speech perception under audio-visual discrepancy condi- labial) and it is integrated with the remaining auditory information (/ba/: plosive and voiced), resulting in a perceptual solution "da," which is a nonlabial, plosive, and voiced sound, and is acoustically characterized as between/ba/and /ga/. 1 Thus with audio-visual discrepancy in place of articulation, lip-read information misleads and biases auditory perception whereas it helps auditory perception in the natural audio-visual congruent situation. In the McGurk effect, an audio-visual incongruent stimulus is defined as a stimulus where auditory and visual information are incongruent in terms of the place of articulation, and more narrowly, whether the place is labial or nonlabial. Studies on lipreading have shown that the visual system can provide information efficiently about the place of articulation so that lipreaders can easily discriminate labials from nonlabials (e.g., Summerfield, 1987).
In the original experiments by McGurk and MacDonald (1976), perceptual fusion was reported with stimuli where an auditory labial was combined with a visual nonlabial (more exactly, velar), e.g., auditory /ba/ combined with visual/ga/ (perceived as "da") and auditory/pa/ combined with visual/ka/(perceived as "ta"). In conversely combined pairs, i.e., an auditory nonlabial with a visual labial, "combination responses" were often observed rather than fusion: auditory/ga/and visual/ba/induced perception of "bga," combining both auditory and visual consonants. /y/, /k/, /g/, /h/ ) . A confusion analysis study using multidimensional scaling by Sekiyama et al. (1988) showed that untrained Japanese subjects can easily discriminate labials from nonlabials in lipreading of Japanese syllables. Therefore, the McGurk effect was expected for Japanese syllables as well as for English syllables. In our preliminary experiment, the McGurk effect was found in Japanese subjects listening to 14 Japanese syllables (/ba/, /da/, /ga/, /pa/, /ta/,/ka/,/ma/,/na/,/ra/,/wa/,/ha/,/ya/,/sa/,/za/). However, the stimuli used there were not highly intelligible: The subjects correctly heard them only 80% of the time when presented as audio-alone stimuli. This was probably due to the video recording process which was done without concern for a high S/N ratio. Thus an experiment with highly intelligible auditory stimuli was necessary to obtain visual effects independent of effects of noise.
Another purpose of this study was to examine the relation between auditory intelligibility and the McGurk effect. Our hypothesis was that the McGurk effect is promoted by poorly intelligible auditory stimuli. In fact, the literature has suggested this point although it has not been stated explicitly. Dodd (1977) reported a McGurk effect in audio-visually dissonant words presented in white noise' For example, hearing "tough" and seeing "hole" resulted in the percept "towel." On the other hand, Easton and Basala (1982) found little visual effect for meaningful words. In their experiment, one group of subjects was instructed to attend to auditory information and the other group was instructed to attend to visual information. While the audio-oriented subjects reported auditorily presented words correctly 99% of the time, the video-oriented subjects could not report visually presented words and only 10% of their responses suggested audio-visual fusion. One possible reason for the difference between the results of these two experiments is the presence or absence of noise. This interpretation seemed reasonable because the role of lip-read information, as a facilitator of speech perception, has been shown for speech of low intelligibility, as cited earlier.
This study investigated the "Japanese McGurk effect" with highly intelligible auditory stimuli that are presented in both noise-free and noise-added conditions, and examined the following questions: (1) What is the nature of the McGurk effect for Japanese subjects listening to Japanese syllables? (2) How does the McGurk effect depend on auditory intelligibility? To answer the first question, we used a larger number of Japanese syllables and tested Japanese subjects. For the second question, we used an experimental design in which the auditory intelligibility was measured in an audio-alone condition. To avoid the influence of hearing audio-alone stimuli on the McGurk effect (Massaro and Cohen, 1983), the subjects were given the audio-alone session after the audio-visual session. In this paper, the auditory intelligibility is defined as the percent of correctly heard responses when audio-alone stimuli are presented. and normal or corrected vision. Subjects' age ranged from 22 to 27.
Procedure
Subjects were given an audio-visual stimulus every 7 s and were asked to look at and listen to each utterance. The task of the subjects was to write "what they heard, not what they saw." In addition, to make the subjects attend to the visual stimuli, instructions asked them to report a perceptual discrepancy between audio and visual stimuli that they noticed. Instructions also suggested that some people might hear syllables that were not included in the Japanese phonological system, like/bda/or/bga/. The subjects were allowed to report more than two responses with a constraint that a more confident response should precede less confident ones when they were written. If more than two responses were given for a stimulus, their frequencies were weighted by coefficients such as 0.6:0.4 for two and 0.5:0.3:0.2 for three.
Experimental design
The subjects were required to do the above task in two 
C. Results
The results were analyzed by producing confusion matrices for each visual stimulus. Although the subjects were allowed more than two responses for a stimulus, the majority of the stimuli yielded a single response. Table I shows the confusion matrix for the A condition.
Results for the noise-free audio-alone condition
The number in each cell indicates the percentage of the response in 60 observations ( 10 subjects X 6 repetitions) for each auditory stimulus. Diagonal cells show the percentages of correctly heard responses ("auditory intelligibility score"). Most of the stimuli yielded the score of 100%, indi- cating the high auditory intelligibility in the noise-free condition. Three syllables, however, showed incomplete intelligibility: the intelligibility score for/pa/, /ta/, and/wa/ were 98%, 95%, and 95%, respectively. The/pa/was perceived as "ta" 2% of the time,/ta/was perceived as "pa" 5% of the time, and/wa/was perceived as "ra" 5% of the time.
Results for the noise-free audio-visual condition
The ten confusion matrices in Table II (Table I) where erroneous "pa" responses for/ta/occurred only 5% of the time, these "pa" responses seemed to be interpreted as involving not only auditory errors but also visual effects. This interpretation was confirmed for visual/pa/and/ma/(p < 0.001 andp < 0.05) by the chi-square test that compared the frequencies of labial ("pa") and nonlabial ("ta") responses in the AV condition with those in the A condition (dr= 1, N = 120). For visual /ba/and/wa/, however, the frequencies of the erroneous "pa" response were not significantly different from that of auditory errors in the A condition.
For the visual nonlabials [Table II(b) ], i.e.,/d, t, n, r, g, k/, it was only with auditory/pa/and/wa/that visual effects occurred. When auditory/pa/were combined with any visual nonlabials, "ta" responses occurred to some extent. Such erroneous "ta" responses were 24%, 24%, 22%, 28%, 33 %, and 22% for visual/da/,/ta/,/na/,/ra/,/ga/, and/ka/stimuli. The chi-square test (dr= 1, N = 120) revealed that each frequency of these erroneous "ta" responses was significantly greater than auditory errors (p <0.001, p < 0.001, p < 0.01, p < 0.001, p < 0.001, andp < 0.01, for vi- Results in the noise-free audio-visual condition. Indicated in %. (a) Confusion matrices for the stimuli with visual labials (fo, p,m,w/). (b) Confusion matrices for the stimuli with visual nonlabials (/d,t,n,r,g,k/) . Table III summarizes the results of the chi-square test for each audio-visual stimulus with asterisks indicating significant visual effects. It shows that significant visual effects often occurred for auditory/pa/and/wa/, and occasionally occurred for auditory/ta/and/ma/. Subsequently, the ten visual stimuli in Table III Figure 2 shows that lip-read information was helpful to a large extent especially for/pa/and /ta/. Taking/pa/, for example, the intelligibility was 98%, 56%, and 98% for A, nA, and nAV conditions, respectively. This indicates that lip-read information increased the correct identification of syllables in a noisy situation. Noise decreased the intelligibility of/pa/from 98% to 56% in audioalone conditions. Lip-read information, however, restored it back to 98%. Similarly, the intelligibility of/ta/was 95%, 64%, and 98% for A, nA, and nAV conditions, respectively.
Second, the confusion matrices for the nAV condition are shown in Table V (Table IV) . Similarly, erroneous shifts to labials are as follows:/ta/was perceived as "pa" 94% of the time,/na/as "ma" (74%),/ra/as "wa" (45%) or as "ma" (27%),/ga/as "ba" (88%), and/ka/as "pa" (94%). This response pattern is also true with visual /pa/,/ma/, and/wa/stimuli. As shown in the lower left of Table VI , each of these labial responses for auditory nonlabials were significantly greater than auditory errors. The response pattens in Table V (Table IV) . Similarly, the vision-biased erroneous shift to nonlabial is as follows: Auditory/pa/was perceived as "ta" (92%),/ma/as "na" (77%), and/wa/as "ra" Summarizing the results for the nAV condition, the main findings were as follows: First, the same auditory stimuli were perceived quite differently depending on the visual stimuli: e.g., auditory ?ta? was incorrectly perceived as "pa" 98% of the time when combined with visual ?pa? stimuli [ Table V ( First, the results of our noise-free condition indicated that it is much less easy to induce the Japanese McGurk effect than the English one. In our noise-free condition, the visual biasing effect was weak, and if any, fused responses occurred only about 20% of the time. The difference between the Japanese and the English McGurk effect is clearly shown by the fact that our auditory/ba/combined with visual/ga/was correctly perceived as "ba" 100% of the time whereas this type of stimulus yielded fused "da" response 98% of the time for the adult subjects of McGurk and MacDonald. Possible sources for this inconsistency are differences in cultural factors (in terms of production or perception of speech) and in the auditory intelligibility. Although we cannot know the intelligibility of each syllable used by McGurk and MacDonald, their description on the averaged intelligibility for four syllables (99% for/ba/,/ga/,/pa/, and/ka/) leaves a possibility that the intelligibility score of their/ba/was less than 100%. 4
Comparisons of the results of audio-visual conditions with those of audio-alone conditions indicated that the Japanese McGurk effect depended on auditory intelligibility. When the auditory intelligibility was 100%, the McGurk effect was absent or very weak. If intelligibility was less than 100%, however, the McGurk effect could be induced.
In the noise-added condition, visual biasing effects were observed so strongly for every audio-visual incongruent pair that visual information had the decisive vote for most of the perceptual decisions. The results indicated that both the poor intelligibility and the existence of noise promoted the visual biasing effects. Human beings may depend on eyes in the presence of auditory uncertainty.
